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Sec t lon  1 
I N T R O D U C T I O N  
Automatic  e a r t h  o r b i t i n g  s a t e l l i t e s  a r e  b e i n g  used  i n  e v e r  i n c r e a s i n g  numbers t o  i n -  
v e s t i g a t e  s c i e n t i f i c  and w e a t h e r  phenomena, t o  advance communicat ion,  and t o  f u r t h e r  
development  of e a r t h  r e s o u r c e s ,  The comprehensive t a s k s  t h a t  t h e s e  s a t e l l i t e s  have 
been d e s i g n e d  t o  per form are  comparable  t o  those  of  major  ground b a s e d  l a b o r a t o r i e s  
and f a c i l i t i e s .  The d e s i g n  approach o f  t h e s e  s a t e l l i t e s  has  been  t o  p r o v i d e  maximum 
r e l i a b i l i t y  f o r  d e s i g n  l i f e t i m e s  s p a n n i n g  s i x  months t o  two y e a r s .  U s e f u l  o p e r a t i o n  
beyond t h e s e  somewhat l i m i t e d  d e s i g n  l i f e t i m e s  i s  f o r t u i t o u s  b u t  i s  n o t  y e t  p l a n n e d .  
W i t h  t h e  a d v e n t  o f  t h e  manned s p a c e c r a f t  programs,  methods a r e  now a v a i l a b l e  t o  s e r v i c e  
t h e  a u t o m a t i c  s a t e l l i t e s ,  t o  r e p a i r  m a l f u n c t i o n s  a n d / o r  improve t h e i r  per formance ,  
and t o  e x t e n d  t h e i r  u s e f u l  l i f e t i m e s .  
T h i s  r e p o r t  cove r s  a s e v e n  month s t u d y  program of  t h e  methods of  manual ly  s e r v i c i n g  
a s c i e n t i f i c  s a t e l l i t e ,  
The major  p u r p o s e  o f  t h i s  s t u d y  i s  t o  d e f i n e  t h e  t h r e e  e x p e r i m e n t  m i s s i o n s ,  e v o l u t i o n a r y  
i n  c o m p l e x i t y ,  t h a t  would l e a d  toward accomplishment o f  t h e  f o l l o w i n g  o b j e c t i v e s  : 
This  volume p r e s e n t s  a summary o f  t h e  s t u d y  program r e s u l t s .  
(1 )  Development of  e x t r a  v e h i c u l a r  a c t i v i t y  (EVA) o p e r a t i o n a l  t e c h n i q u e s ,  
and equipment  f o r  rendezvous and c a p t u r e  o f  a n o n c o o p e r a t i v e  o b j e c t  
i n  e a r t h  o r b i t  
( 2 )  R e t r i e v a l  o f  v a l u a b l e  m a t e r i a l s  t e c h n o l o g y  d a t a  from an E a r t h  
o r b i t i n g  s a t e l l i t e  
( 3 )  A p p l i c a t i o n  o f  i n - o r b i t  r e p a i r ,  r e f u r b i s h m e n t  and checkout  t e c h n i q u e s  
t o  an expanding  s a t e l l i t e  program 
The i d e n t i f i c a t i o n  of  long  r ange  a p p l i c a t i o n  of  t h e s e  t e c h n i q u e s  and r e l a t e d  s a t e l l i t e  
d e s i g n  i m p l i c a t i o n s  i s  a l s o  a n t i c i p a t e d .  P r e v i o u s  NASA s t u d i e s  have s e l e c t e d  t h e  
O r b i t i n g  S o l a r  O b s e r v a t o r y  (OSO) a s  t h e  m o s t  p r o m i s i n g  s a t e l l i t e  f o r  t h e  i n i t i a l  
manned s e r v i c i n g  m i s s i o n s  ( F e d e r a l  Systems D i v i s i o n ,  I B M ,  C o n t r a c t  NAS1-4667) f o r  t h e  
f o l l o w i n g  r easons  : 
(1)  I t s  r e l a t i v e l y  low a l t i t u d e  and o r b i t a l  i n c l i n a t i o n ,  300 n a u t i c a l  
miles and 3 3  d e g r e e s ,  does n o t  p r e s e n t  a s i g n i f i c a n t  r a d i a t i o n  
problem f o r  EVA work. 
( 2 )  I t s  a l t i t u d e  and i n c l i n a t i o n  a r e  c l o s e  t o  t h a t  o f  t h e  p l a n n e d  AAP 
m i s s i o n s ,  and e f f i c i e n t  o r b i t  t r a n s f e r s  can be made t o  match t h e  
A p o l l o  Command S e r v i c e  Module (CSM) o r b i t  t o  t h e  n e a r l y  c i r cu la r  
o r b i t  o f  t h e  OSO. 
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(5) Thc OS0 i s  a p r o g r e s s i v e  s a t e l l i t e  p r o g r a m  d u e  to the a v a i l a b i l i t y  
o f  f u t u r e  O S O s  f o r  a p p r o p r i a t e  d e s i g n  m o d i f i c a t i o n  as  r e q u i r e d  t o  
accon ip l i s l i  in-01-11 i t  refur1iis: i inent.  
A t y p i c a l  O S 0  is  sIio\\'ii i n  F i g .  1-1. 
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S c i e n t i s t s  from t h e  M a r s h a l l  Space F l i g h t  Center  (MSFC) and t h e  Goddard Space F l i g h t  
C e n t e r  ( G S F C ) ,  a s  w e l l  as  o t h e r  NASA c e n t e r s  and u n i v e r s i t i e s ,  have been  c o n s u l t e d  
about  t h e  e x p e r i m e n t  program. I n  a d d i t i o n ,  t h e  Manned S p a c e c r a f t  C e n t e r  (MSC) A s t r o -  
n a u t  O f f i c e  has  p r o v i d e d  v a l u a b l e  review o f  t h e  c o n c e p t s  d e v e l o p e d ,  a s  h a s  t h e  GSFC- 
OS0 P r o j e c t  O f f i c e .  
The major  g o a l  o f  t h i s  s t u d y  program has been t o  deve lop  t h r e e  ESMRO m i s s i o n s  f o r  t h e  
rendezvous and c a p t u r e  o f  an OS0 s a t e l l i t e ;  t h e s e  p r o p o s a l  m i s s i o n s  a r e  e v o l u t i o n a r y  i n  
n a t u r e  w i t h  r e s p e c t  t o  m a t e r i a l  r e t r i e v a l ,  r e f u r b i s h m e n t ,  and t h e  conduct  o f  u s e f u l  
EVA work. The t h r e e  m i s s i o n s  a r e  d e f i n e d  i n  NASA form 1138s ( i n c l u d e d  i n  Volume 1 1 1  
o f  t h i s  r e p o r t ) ,  The t e c h n i c a l  s t u d i e s  p r e s e n t e d  i n  d e t a i l  i n  Volume I 1  o f  t h i s  
r e p o r t ,  have  been  conducted  i n  two major  p h a s e s :  
e Experiment  c o n c e p t i o n  phase  
e Experiment  m i s s i o n  d e f i n i t i o n  p h a s e  
The major  c r i t e r i a  and g u i d e l i n e s ,  e s t a b l i s h e d  i n  t h e  s t u d y  program p l a n  approved by 
MSFC, a r e :  
(1)  
(3)  
The Apol lo  CSM i s  t o  b e  used f o r  t h e  rendezvous s p a c e c r a f t .  I n i t i a l l y ,  
t h e  CSM s h o u l d  be i n  a p a r k i n g  o r b i t  a t  370 k i l o m e t e r s  (200 n a u t i c a l  
m i l e s )  a l t i t u d e  and an i n c l i n a t i o n  o f  28.5 d e g r e e s .  A n  a l t e r n a t e  
i n c l i n a t i o n  a n g l e  o f  32.85 d e g r e e s ,  which i s  t h e  O S 0  i n c l i n a t i o n ,  
i s  t o  b e  c o n s i d e r e d .  The e c c e n t r i c i t y  o f  t h e  CSM o r b i t  i s  c o n s i d e r e d  
t o  be 0.00024 f 0.00021. 
The t a r g e t  s a t e l l i t e  i s  O S O ,  which i s  t o  be i n  an o r b i t  o f  555 f 92 
k i l o m e t e r s  (300 * 50 n a u t i c a l  m i l e s )  a l t i t u d e  and an i n c l i n a t i o n  o f  
32.85 f 0 . 1  d e g r e e s .  The e c c e n t r i c i t y  o f  t h e  O S 0  o r b i t  i s  c o n s i d e r e d  
t o  b e  0 . 0 0 0 4  * 0 . 0 0 2 .  
The maximum d e l t a  v e l o c i t y  (AV) assumed a v a i l a b l e  f o r  a c c o m p l i s h i n g  
rendezvous maneuvers must n o t  exceed  762  mps (2,500 f p s ) ;  t h i s  i s  
b a s e d  on c o n s e r v a t i v e  e s t i m a t e s  o f  t h e  S a t u r n  I B launch  v e h i c l e  
a v a i l a b l e  p a y l o a d  w e i g h t .  
The t a r g e t  s a t e l l i t e  (OSO) i s  t o  b e  n o n c o o p e r a t i v e .  
C a p t u r e  o f  t h e  OS0 must n o t  b e  d e s t r u c t i v e .  
A f t e r  t h e  t a r g e t  O S 0  i s  c a p t u r e d ,  t h e  m a t e r i a l  r e t r i e v a l  and r e f u r -  
b i shment  e f f o r t  i s  t o  be per formed by EVA. 
R e f u r b i s h e d  OsO's a r e  t o  be  r e t u r n e d  t o  normal  o r b i t a l  o p e r a t i n g  
c o n d i t i o n  f o l l o w i n g  t h e  u s e f u l  work a c t i v i t i e s .  
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The f u n c t i o n a l  r e q u i r e m e n t s  o f  p e r f o r m i n g  t h e  ESMRO m i s s i o n s  have  been  d e t e r m i n e d  
by d e t a i l e d  a n a l y s e s  o f  each  p h a s e ,  T r a d e - o f f  a n a l y s e s  were conduc ted  t o  d e t e r m i n e  t h e  
recommended approach t o  r endezvous ,  c a p t u r e ,  u s e f u l  work,  and r e l e a s e .  T e c h n i c a l  s t u d i e s  
have  r e s u l t e d  i n  a c o n c e p t u a l  c o n f i g u r a t i o n  i d e n t i f i e d  i n  t h i s  r e p o r t  as t h e  C a p t u r e  
Work P l a t f o r m ]  (CWP). EVA a n a l y s i s  was conduc ted  t o  d e t e r m i n e  d e t a i l e d  t imel ines  f o r  
e a c h  m i s s i o n .  The s i g n i f i c a n t  r e s u l t s  o f  t h i s  s t u d y  program are  summarized i n  t h e  
n e x t  s e c t i o n ,  fo l lowed  by recommended f u t u r e  e f f o r t  f o r  accomplishment  o f  l o n g  r a n g e  
g o a l s  and t h e  e s t i m a t e d  s c h e d u l e  and c o s t  o f  c o n d u c t i n g  t h e  t h r e e  m i s s i o n s .  
B B R C  
Sec t ion  2 
RESULTS 
The major  m i s s i o n  phases  t h a t  have  been  ana lyzed  a r e  (1) rendezvous ,  ( 2 )  c a p t u r e / r e l e a s e ,  
and  ( 3 )  u s e f u l  work. The t r a d e - o f f  and t e c h n i c a l  s t u d i e s  conduc ted  i n  each  a r e a  a r e  p r e -  
s e n t e d  h e r e ,  f o l l o w e d  by a summary m i s s i o n  p l a n  f o r  t h e  t h r e e  m i s s i o n s .  
2 . 1  RENDEZVOUS PHASE 
The rendezvous  maneuvers i n v o l v e :  (1) t h e  t r a n s f e r  o f  t h e  CSM from i t s  p a r k i n g  o r b i t  t o  
t h e  v i c i n i t y  o f  t h e  t a r g e t  OSO;  ( 2 )  t e r m i n a l  c l o s u r e  o f  t h e  CSM t o  t h e  O S O ;  and ( 3 )  s t a t i o n  
keeping  o f  t h e  CSM w i t h  t h e  OSO. The major i t ems  a n a l y z e d  have  been:  (1 )  t y p e  o f  o r b i t  
t r a n s f e r  t r a j e c t o r y ;  ( 2 )  t y p e  of t e r m i n a l  gu idance ;  and ( 3 )  method o f  s t a t i o n  keep ing .  
2 . 1 . 1  O r b i t  T r a n s f e r  
The ma jo r  a l t e r n a t i v e s  c o n s i d e r e d  i n  per forming  t h e  o r b i t  t r a n s f e r  a r e  d e f i n e d  on t h e  
f o l l o w i n g  page :  
L TRANSFER TRAJECTORY ‘:,“,“E CHANGE 
OUT OF PLANE i=28.5 h=370 km 
PLANE C HA N G E/CO P LA N A R 
os0 






F i g .  2 - 1  Rendezvous A p p r o a c h e s  
2-  1 
Out of plane: Rendezvous by means of out of plane orbit transfer com- 
bines the orbit transfer and plane change of the CSM to the O S 0  orbit with 












Plane change/coplanar: Rendezvous by means of plane change/coplanar 
orbit transfer requires a plane change of the CSM at the 3 7 0  kilometer 
parking altitude, followed by a coplanar transfer of the CSM to the OS0 
orbit. 
@ : 
NOMINAL os0 a CSM ELEMENTS 
n DEGREES DIFFERENCE IN LONQITUDES OF THE ASCENDINQ NODES ( A n )  
A i  4.35 
CSM PERIGEE IOo 
CSM STARTING AT Oo MEAN ANOMALY 
ASSUMED h V  LIMIT 
I 
Coplanar: Rendezvous by means of a coplanar orbit transfer requires that 
the CSM orbit inclination be the same as OSOs and that the orbit transfer 
be initiated when the longitude of the ascending node of the CSM orbit is 
the same as that of the O S 0  orbit, 
Digital computer calculations have determined the delta velocity required to perform each 
of the three alternative orbit transfers. The calculations were limited to delta velocities 
that could be obtained by the CSM departing from the 3 7 0  kilometer altitude parking orbit 
with an estimated payload configuration. The A V  assumed was 7 6 2  mps ( 2 5 0 0  fps); this is 
proportional to a typical payload configuration. 
The results for the out of plane orbit transfer, including nominal values f o r  the CSM and 
O S 0  orbital elements, are shown in Fig. 2 - 2 .  Out of plane orbit transfer can be accomplished 
within the 7 6 2  mps AV limit for differences in the longitude of the ascending nodes of the 
CSM and O S 0  orbits of up to about 3 degrees and for the nominal CSM and OS0 inclination of 
2 8 . 5  and 3 2 . 8 5  degrees respectively. For no difference in the longitude of the ascending 
nodes at the start of the orbit transfer, about 6 1 0  mps is required for the minimum energy 
transfer. 
2 - 2  
The AV required to perform orbit transfer as a function of differences in the longitudes 
of the CSM and OS0 ascending nodes and in orbital inclination angles is given in Fig. 2 - 3 .  
These data show that the major consumption of  AV occurs when the plane change is performed 
due to difference in orbital inclination. It is therefore recommended that the CSM be 
placed in its parking orbit at an inclination the same as that of the OSO. Similarily, to 
minimize the AV required, the difference in the longitude of the CSM and OS0 ascending node 
should be small at the initiation of orbit transfer. 
the launch o f  the CSM from the surface at a time when the CSM orbit precesses into the O S 0  
orbit, early in the 14 day mission period. Since the CSM orbit plane approaches the O S 0  
orbit plane from an eastward direction at a rate of 1.01 degrees per day, a nominal 10 day 
surface launch window period allows for the CSM ascending node longitude being up to 10 
degrees east of the OS0 ascending node longitude; this still permits the ESMRO mission to 
be conducted within the 14 day mission. 
, 
, 
This can be controlled by establishing 
loo0  
0 1 
3 4 5 6 1 8 9 1 0  
DIFFERENCE IN LONGITUDE - DEGREES 
F i g .  2 - 3  AV Requirements a s  a Function o f  Plane Change 
Calculated data for the coplanar orbit transfer are shown in Fig. 2-4. 
115 mps occurs for a transfer over an angle of 180 degrees. This AV represents the minimum 
requirement for performing the orbit transfer, and such a coplanar transfer is recommended 
for the ESMRO missions. 
The minimum AV of 
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Fig. 2-4 In-Plane Minumum Energy Transfer 
Additional calculations have determined the effect of varying the eccentricities and inclina- 
tions for both the CSM and O S 0  orbits on the delta velocity requirements. The varia- 
tion in these orbital elements from the nearly circular orbits of the CSM and OS0 has a minor 
effect on the total AV required for orbit transfer. 
2.1.2 Terminal Guidance 
The terminal closure maneuvers must correct for possible errors in the known positions of 
the CSM and O S 0  as well as in the transfer orbit errors due to thrust impulses. An error 
analysis shows that the coarse rendezvous maneuver should be within an error ellipsoid of  
a 20 kilometer major axis and a 10 kilometer minor axis. At 10 kilometers, a sunlit OS0 
will be brighter than a visual magnitude of minus 2. At 5 kilometers, the sunlit OS0 will 
have a visual magnitude of minus 4, i.e., about as bright as Venus. Analysis of  various 
terminal closure trajectories with the CSM forward and below the OS0 indicates that the line 
of sight to the sunlit O S 0  and its apparent motion against a star background will make it 
easily detectable by the astronaut crew. Therefore, it is concluded that the terminal 
guidance can be performed visually by the crew with the aid of a simple reticle sight to 
determine range rate data. Further analysis of the possible approach trajectories has 
shown that an intercept (collision) course terminal maneuver is the most efficient, requiring 
as little as 73  mps (240 fps) of AV. 
2.1.3 Station Keeping 
Two station keeping modes are required for the ESMRO missions to conduct precapture inspec- 
tion: (1) nighttime, and ( 2 )  daytime circumnavigation. Analysis has shown that a minimum 
distance of 60 meters (200 feet) between the CSM and O S 0  can readily be maintained during 
orbital night by two programmed thrusts of the CSM. Similarily, the daytime circumnavigation 
at approximately 3 0  meters (100 feet) can also be maintained by programmed thrusts. The 




2 . 2  CAPTURE/RELEASE PHASE 
The c a p t u r e  phase  of an  ESMRO m i s s i o n  i n v o l v e s  t h e  u s e  of a c a p t u r e  mechanism t o  c o n t a c t  and 
c o n t a i n  t h e  OS0 u n t i l  i ts .  s p i n  a n g u l a r  momentum and t r a n s l a t i o n  momentum a r e  n u l l i f i e d .  The 
r e l e a s e  p h a s e  i s  v i r t u a l l y  t h e  r e v e r s e  o f  c a p t u r e ;  i . e . ,  t h e  OS0 must b e  spun  up and s e p a r -  
r a t e d  from t h e  CSM. The major i t ems  t h a t  have been  a n a l y z e d  a r e :  (1 )  method of c o u p l i n g  
t h e  OS0 t o  t h e  CSM d u r i n g  c a p t u r e ;  (2 )  method o f  c a p t u r i n g  t h e  O S O ;  and ( 3 )  t h e  method f o r  
d e s p i n  and s p i n - u p  o f  t h e  OSO.  
A s t u d y  program c o n s t r a i n t  i s  t h e  c a p t u r e  of a n o n c o o p e r a t i v e  s a t e l l i t e .  The O S 0  dynamics 
have  been  examined t o  d e t e r m i n e  t h e  s p i n  c h a r a c t e r i s t i c s  o f  b o t h  a c t i v e  and i n a c t i v e  OSO's. 
The s p i n  ra te  o f  an O S 0  w i t h o u t  s p i n  c o n t r o l  i s  e x p e c t e d  t o  decay  a t  a b o u t  2 p e r c e n t  p e r  
month. T h i s  decay  r a t e  w i l l  r e s u l t  i n  a s p i n  momentum r e d u c t i o n  t o  abou t  80 p e r c e n t  o f  
nominal a f t e r  a y e a r  o f  no s p i n  r a t e  c o r r e c t i o n s .  
OS0 i s  e x p e c t e d  t o  be  s p i n n i n g  a t  10 rpm o r  g r e a t e r ;  t h u s ,  i t  w i l l  s t i l l  a c t  a s  a r e l a t i v e l y  
r i g i d  g y r o .  
A f t e r  4 y e a r s  w i t h o u t  s p i n  c o n t r o l ,  an  
2 . 2 . 1  CSM/OSO C o u p l i n g  
The ma jo r  a l t e r n a t i v e  methods f o r  c o u p l i n g  t h e  O S 0  t o  t h e  CSM d u r i n g  t h e  c a p t u r e  o p e r a t i o n  
a r e  t h e  f o l l o w i n g :  
F ree :  A s m a l l  maneuvering v e h i c l e  t h a t  would b e  o p e r a t e d  r emote ly  from 
t h e  CSM, and would app ly  v i r t u a l l y  no c a p t u r e  f o r c e s  i n t o  t h e  CSM. 
R i g i d :  
f o r c e s  d i r e c t l y  i n t o  t h e  CSM. 
A r i g i d  s t r u c t u r e  a t t a c h e d  t o  t h e  CSM t h a t  would a p p l y  t h e  c a p t u r e  
S e m i r i g i d :  
decoup le  t h e  c a p t u r e  f o r c e s  from t h e  CSM. 
A p a r t i a l l y  f l e x i b l e  s t r u c t u r e  a t t a c h e d  t o  t h e  CSM t h a t  would 
T e t h e r e d :  A comple t e ly  f l e x i b l e  t e t h e r  l i n e  w i t h  l i m i t e d  c o n t r o l .  
Cap tu re  f o r c e s  would b e  a p p l i e d  t o  t h e  CSM when t h e  l i n e  becomes t a u t .  
The c o u p l i n g  t r a d e - o f f  a n a l y s i s  has  shown t h a t  t h e  s e m i r i g i d  c a p t u r e  mechanism h a s  s i g n i f i -  
c a n t  a d v a n t a g e s  o v e r  t h e  o t h e r s ,  as shown i n  Tab le  2 - 1 .  A l so ,  i t  i s  t h e  most compa t ib l e  
f o r  c o n v e r t i n g  t o  t h e  d e s i r e d  work s t a t i o n  c o n f i g u r a t i o n .  T a b l e  2 - 1  l i s t s  n i n e  c r i t e r i a  
items w h i c h - b e s t  compare a l t e r n a t e  coup l ing  methods ,  A r a t i n g  o r  s c a l e  f a c t o r  from 0 t o  
10  was u s e d  t o  judge  each  c r i t e r i o n ;  z e r o  r e p r e s e n t s  t h e  w o r s t  ( o r  l e a s t  d e s i r a b l e ) ,  and 
10 r e D r e s e n t s  t h e  b e s t  ( o r  most d e s i r a b l e ) .  
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T a b l e  2 - 1  














Maximum safety to CSM and crew 
Least system complexity 
Least forces applied to O S 0  and CSM 
Least possibility of damage to OS0 
Evolutionary capability 
Ease of operation 
Ease of ground simulation and test 
Minimum development time 
Minimum development cost 
TOTAL 
(a) The largest score is the most desir 
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A variety of attachment heads have been considered for the capture mechanism, such as an 
enveloping net, a net over OS0 pressure spheres, a grapple, a remote manipulator, a fly- 
in funnel, an encircling tape (Bolas), an adhesive, a yoke, and a rigidized tether. The 
adhesive and yoke have the most advantages. The adhesive head is bonded around the OS0 
attachment flange on the bottom of the wheel, while the yoke arms slip between the three 
O S 0  arms and secure them. Laboratory high vacuum bonding tests (conducted by Emerson 
Electric Co. per Contract AF33(615)-2540) of various adhesives have shown that bonds with 
tensile strengths of 10 psi are possible less than one minute after application. Both the 
adhesive and yoke heads could be used to capture the OSO, and could be interchangeable 
components on the same basic capture mechanism. The adhesive head is shown in the frontis- 
piece and other figures in this report. 
2 . 2 . 3  C a p t u r e  M e c h a n i s m  C o n f i g u r a t i o n  
The semirigid capture mechanism conceived during this study is illustrated in Fig. 2 - 5  and 
the frontispiece. The main features consist of a central boom with LEM type docking collar 
on one end and the attachment head on the other end. The capture mechanism could be stored 
either in Sector I of the Service Module (SM) or in the spacecraft LEM adapter (SLA) section. 
The latter is recommended, since the CSM could dock with it just as it does in the LEM 
docking operations; this eliminates any need for EVA assembly. Locating the capture mechan- 
ism an the CSM docking adapter provides good crew visibility for capture operations, similar 
to CSM/LEM docking. 
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I /' ---- EGRESS/INGRESS STRUCTURE 
DOCKING C O L L A R  
FLEXIBLE JOINT 
A T T A C H M E N T  H E A D  
F ig .  2 - 5  Semi-Rigid Capture  Mechanism Concept 
The c a p t u r e  t e c h n i q u e  a l i g n s  t h e  CSM a l o n g  t h e  O S 0  s p i n  a x i s ,  p r e s p i n s  t h e  a t t a c h m e n t  head 
t o  a p p r o x i m a t e l y  match t h e  O S 0  s p i n  r a t e ,  and maneuvers t h e  CSM w i t h  a t t a c h e d  c a p t u r e  mechan- 
i s m  i n t o  c o n t a c t  w i t h  t h e  bot tom of t h e  0.50. A f l e x i b l e  j o i n t  would be  i n c l u d e d  i n  t h e  
c a p t u r e  mechanism t o  c o r r e c t  f o r  any misa l ignment  between it  and t h e  OSO. S i n c e  t h e  s p i n -  
n i n g  OS0 a c t s  l i k e  a g y r o s c o p e ,  any o f f - c e n t e r  c o n t a c t  c a u s e s  p r e c e s s i o n  and n u t a t i o n ;  t h u s ,  
o f f - c e n t e r  movement c a p a b i l i t y  would be i n c o r p o r a t e d  i n t o  t h e  d e s i g n  o f  t h e  a t t a c h m e n t  head .  
The t r a n s l a t i o n  f o r c e s  r e s u l t i n g  from c o n t a c t  between t h e  CSM and O S 0  s h o u l d  be  a b s o r b e d  i n  
a compress ion  s p r i n g  i n  t h e  boom by means o f  a r a t c h e t  l o c k i n g  d e v i c e  which s t o r e s  t h e  
e n e r g y ;  t h i s  energy  s t o r a g e  i s  e f f e c t e d  by l o c k i n g  when t h e  s p r i n g  r e a c h e s  i t s  ex t reme com- 
p r e s s i o n .  The OS0 s p i n  a n g u l a r  momentum i s  n u l l i f i e d  by d e s p i n n i n g  t h e  a t t a c h m e n t  head and 
t h e  OS0 by means of a t o r q u e  motor o r  f r i c t i o n  b r a k e .  The a d h e s i v e  head i s  t h e n  h e a t e d  t o  
r e l e a s e  t h e  a d h e s i v e  bond,  and a c e n t e r i n g  mechanism c e n t e r s  t h e  OS0 a t t a c h m e n t  f l a n g e  on 
t h e  c a p t u r e  mechanism s p i n  a x i s .  Fol lowing t h e  u s e f u l  work p h a s e ,  t h e  O S 0  i s  r e l e a s e d  i n t o  
o p e r a t i o n  by s p i n n i n g  i t  up and r e l e a s i n g  t h e  r e s t r a i n i n g  mechanism from t h e  O S 0  a t t a c h m e n t  
f l a n g e  . 
2 . 3  USEFUL WORK PHASE 
The u s e f u l  work p h a s e  o f  t h e  ESMRO miss ion  i n v o l v e s  t h e  conduct  of t h e  m a t e r i a l  r e t r i e v a l  
and r e f u r b i s h m e n t  e x p e r i m e n t s  on t h e  c a p t u r e d  OSO.  The major  i t ems  t h a t  h a v e  been a n a l y z e d  
are:  ( 1 )  t h e  l o c a t i o n  o f  t h e  O S 0  d u r i n g  t h e  per formance  of  t h e  u s e f u l  work; and ( 2 )  t h e  
l o c a t i o n  of t h e  EVA a s t r o n a u t  w i t h  r e s p e c t  t o  t h e  OSO.  The major  s t u d y  e f f o r t  h a s  d e v e l o p e d  
ESMRO e x p e r i m e n t s  i n  t h e  f o l l o w i n g  c a t e g o r i e s :  (1) i n s p e c t i o n ,  ( 2 )  m a t e r i a l  r e t r i e v a l ,  and 
( 3 )  r e f u r b i s h m e n t .  
e v o l u t i o n a r y  i n  n a t u r e  w i t h  r e s p e c t  t o  m a t e r i a l  r e t r i e v a l  and t h e  conduct  of  u s e f u l  EVA work. 
A program p l a n  h a s  been developed  f o r  t h r e e  ESMRO m i s s i o n s  which a r e  
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2 . 3 . 1  Performance o f  Useful W o r k  
One major motivation for locating the capture mechanism on the CSM front end is that the 
captured O S 0  is then in the most advantageous location for work performed on it. Astronaut 
egress and ingress can be made through the CSM forward hatch directly to the OSO. Further- 
more, the O S 0  is firmly attached to the CSM by rigidizing the capture mechanism flexible 
joint; this positions it in full view of the astronauts in the Command Module (CM), through 
the forward viewpoints. 
The results of the Gemini program have shown that astronaut EVA work can be performed if 
the astronaut is properly fixed with respect to the work area. A work platform has been 
conceived to provide the EVA astronaut with fixity. The work platform attaches to the cap- 
ture boom and is erected to the working position near the OSO, as shown in Fig. 2-6 and the 
frontispiece. The work platform moves up and down for work at various levels on the OSO, 
and in and out for clearance of the O S 0  arms when the O S 0  is rotated for access to various 
parts. The EVA astronauts are to be fixed to the work platform with waist restraints 
and/or foot restraints. The tools, cameras, lighting and parts storage are to be located 
on the work platform for easy access. The combined capture mechanism and work platform is 
referred to as the Capture Work Platform (CWP). 
2 . 3 . 2  Inspection 
A large number of experiment tasks have been developed and evaluated for each category 
proposed. Many of these are prerequisite to the mission. These include precapture inspection 
of the O S 0  to determine the spin rate and general condition. The major inspection experi- 
ment tasks involve: (1) examination of the OSO; ( 2 )  documentation (visual and photographic) 
of the O S 0  condition; and ( 3 )  investigation of specific O S 0  features and surfaces. Each 
of these tasks a s  well as the following tasks are specifically described in Volume 1 1  of 
this report. 
2 . 3 . 3  Materi a1 Retrieval 
The material retrieval experiment tasks include recovery of materials, components, and as- 
semblies for analysis in the following areas: ( 1 )  environmental effects on manerials and 
optics; (2) environmental effects on mechanisms; and ( 3 )  failure analysis of O S 0  hardware. 
Specific experiment tasks were reviewed, and it has been determined that the OS0 I1 satellite 
launched on 3 Feb 1965, should be used for the material retrieval mission, The material to 
be retrieved from OS0 I 1  is presented in Table 2-2. It can be seen that the items selected 
can provide a variety of information. Typically, a large amount of data can be obtained 
on long term emissivity properties, and micrometeorite data can be obtained for the flux 
region from lo-’ to lo-’ impacts per square meter per second that has not been covered to 
date. 














MAX. ENVELOPE DIA. 3.511. t CWP 
Fig. 2 - 6  C a p t u r e  Work  P l a t f o r m  C o n c e p t u a l  C o n f i g u r a t i o n  
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Retrieval Item 
NRL coronagraph occulting disk 
Pointing control sun sensor 
assembly 
Right hand solar array panel 
HCO ultraviolet spectrometer 
Ames emissivity sensor plate 
U. of Minn. zodical light 
telescopes 
GSFC UV azimuth indexer 















Ana 1 y s is 
One of the major design problems encountered in development of space scientific experiments 
has been that of the operation of  exposed high voltage systems in the space environment. 
Arcing has occurred in several space experiments and has caused severe noise interference 
problems; an one case, a total failure of a major experiment occurred. This failure was in 
the O S 0  11-HCO experiment and occurred at the initial instrument turn on. This unexplained 
failure has caused considerable design review of similar systems in other experiments, 
but corrective designs may require direct examination of the failed instrument. 
Analysis of the other items retrieved, such as the pointing control sensors, the solar array, 
and exposed wiring, should lead to improved spacecraft designs. Similarily, retrieval of 
other OS0 I 1  experiment components, such as the University of Minnesota telescope and the 
GSFC ultraviolet spectrophotometer azimuth indexer, can provide an opportunity to analyze 
the effects of the space environment on optics and mechanisms. 
2 . 3 . 4  Refurbishment 
The refurbishment experiment tasks include: (1) replacement of expendables; ( 2 )  correction 
of  degradation effects; ( 3 )  preventative o r  corrective maintenance; and ( 4 )  improvements. 
Specific experiment tasks have been analyzed, and the selected tasks are shown in Table 2 - 3  
for the two refurbishment missions. The refurbishment tasks cited are typical operations 
that could be accomplished on the OS0 satellite in orbit if a failure o r  degradation in the 
satellite system occurred. The tasks selected provide a variety of servicing techniques and 
are conceived to extcnd the useful lifetime of the OS0 satellite. Specifically, the lifetime 
of OSO's currently in orbit have been limited primarily by the consumption of the expendables 
and degraded subsystem performance due to the space environment. F o r  example, radiation 
degraded the solar array output below minimum operating levels on OS0 I within approximately 
six months after launch. Unpredictable interaction between the O S 0  I1 and the earth's 
magnetic field caused the pitch gas supply to be completely depleted within approximately 
nine months after launch. It would be desirable to obtain scientific data from an Os0 for 
several years. 
2 - 1 0  
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REFURBISHMENT TASKS ON M I S S I O N S  2 AND 3 
~~ ~ 
Experiment Task 
Replenish pitch gas supply 
Replenish spin gas supply 
Add new battery supply 
Add new solar array panel 
Add new tape recorders 
Maintain nutation damper 
locking system 
Maintain arm locking system 
Add stabilization magnets 
Calibrate magnetometer 
Replace pointing control 
electronics 
Replace pointing control 
sensor 
Replace experiment optics or 
sensors 
































The Mission 2 refurbishment tasks can be accomplished with virtually no modification to the 
O S 0  by taking advantage of existing external brackets and connectors. The more sophisti- 
cated refurbishment tasks on Mission 3 can also take advantage of existing external brackets, 
but would require some new wiring and electronics in the O S 0  to optimize the interface de- 
sign and prepare in advance for in orbit servicing. 
2 . 3 . 5  S u p p o r t  E q u i p m e n t  
The t o o l  and support equipment requirements have been analyzed. 
with adaptive heads is recommended, since the EVA astronauts are to have good fixity on the 
work platform. Lighting is a requirement since the work sessions are to extend through 
orbital night. Retrieved parts are to be placed in sealed containers for return to the 
earth's surface. 
A common power drive tool 
2 . 3 . 6  E x t r a  V e h i c u l a r  A c t i v i t y  ( E V A )  
The EVA requirements have been analyzed for performing the useful work tasks, and time lines 
have been generated for each mission; these are presented in Volumes I1  and I 1 1  of this re- 
port. 
task. The entire work sequence for each mission has been divided into work sessions as 
presented in Tables 2-4, 2-5, and 2 - 6 .  
The timelines were developed based on detailed procedures derived for each experiment 
. 2 - 1 1  
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MISSION 1 T I M E  L I N E  SUMMARY 
ODera t i  on /Even  t 
I Rendezvous  O p e r a t i o n s  
C S M / C W P  D o c k i n g  
C S M  O r b i t  T r a n s f e r  
C l o s e  Rendezvous Maneuvers  
N i g h t  T ime S t a t i o n  K e e p i n g  
C i r c u m n a v i g a t i o n  
P r e - C a p t u r e  I n s p e c t i o n  
N i g h t  T ime S t a t i o n  K e e p i n g  
O S 0  C a p t u r e  Maneuvers  
.,~b T o t a l  
I 1  Work S e s s i o n  No.  1 
S t a r t  EVA-Egress  Fwd H a t c h  
P r e p a r e  E q u i p m e n t  and  O S 0  I n s p e c t i o n  
A s t r o n a u t  R e s t  P e r i o d  
Moun t  E V A  Cameras 
E x p r .  P r e p a r a t i o n  a n d  R a d i a t i o n  Meas. 
S a t e l l i t e  C e n t e r i n g  
A s t r o n a u t  R e s t  P e r i o d  
Wheel Power  Bus Remova l  
Mech.  F reedom and Damage E v a l u a t i o n  P h o t o s  
Remova l  C o r o n a g r a p h  O c c u l .  D i s k  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
Remova l  C o n t r o l  Sun S e n s o r  A s s e m b l y  and  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
S tow E x p r s .  - R e t u r n  t o  C M  
1 1 1  A s t r o n a u t  8 H o u r  R e s t  P e r i o d  
I V  Work S e s s i o n  No. 2 
Sub T o t a l  
S t a r t  EVA-Egress  Fwd H a t c h  
P r e p a r e  E q u i p .  R e p o s i t i o n  P l a t f o r m  
Remove Ames E m i s s i v i t y  P l a t e  and  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
Remove Z o d i a c a l  L i g h t  T e l e s c o p e  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
Remove R . H .  S o l a r  P a n e l  a n d  P h o t o s *  
A s t r o n a u t  R e s t  P e r i o d  
Stow E x p r s .  R e t u r n  t o  C M  
V A s t r o n a u t  8 H o u r  R e s t  P e r i o d  
V I  Work S e s s i o n  No .  3 
Sub T o t a l  
S t a r t  EVA-Egress  Fwd H a t c h  
P r e p a r e  E q u i p .  R e p o s i t i o n  P l a t f o r m  
Remove HCO E x p r .  and P h o t o s *  
Remove Gamma-Ray T e l e s c o p e  F o i l s  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
Remove U.V. A z i m u t h  I n d e x e r  a n d  P h o t o s  
R e p l e n i s h  P i t c h  Gas 
P r e p a r e  E x p r .  S towage C o n t a i n e r s  
A s t r o n a u t  R e s t  P e r i o d  
Stow E x p r s .  R e t u r n  t o  C M  
Sub T o t a l  
V I 1  R e l e a s e  O p e r a t i o n s  
M i s s i o n  1 T o t a l s  
YOTES : 
* W i t h  A s t r o n a u t  R e s t  P e r i o d s  as A p p l i c a b l e  
E x p e r i m e n t  
P r i o r i t y  
M S O  
M S O  
M S O  
M S O  
M S O  
M S O  
M S O  
M S O  
M S O  
M S O  
P 
M S O  
M S O  
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E V A  










1 4  
6 
1 9  
6 
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522 
002  
0 1 2  
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83  7 
89  1 
0 0 2  
0 3 8  
0 4 4  
2 0 7 8  
2111  
2119  
2 1 2 4  
2218  
2241  
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M I S S I O N  2 T IME L I N E  S U M M A R Y  
O p e r a t i o n / E v e n t  
R e n d e z v o u s  O p e r a t i o n s  
C S M / C W P  D o c k i n g  
C S M  O r b i t  T r a n s f e r  
C l o s e  R e n d e z v o u s  M a n e u v e r s  
N i g h t  T i m e  S t a t i o n  K e e p i n g  
C i rcun ina  v i g a t  i o n  
P r e - C a p t u r e  I n s p e c t i o n  
N i g h t  T i m e  S t a t i o n  K e e p i n g  
OS0 C a p t u r e  M a n e u v e r s  
Work S e s s i o n  No. 1 
S t a r t  EVA-Egress  Fwd H a t c h  
P r e p a r e  E q u i p .  & O S 0  I n s p e c t i o n  
A s t r o n a u t  R e s t  P e r i o d  
M o u n t  E V A  Cameras 
E x p r .  P r e p a r a t i o n  & R a d i a t i o n  Meas.  
A s t r o n a u t  R e s t  P e r i o d  
S a t e 1  1 i t e  C e n t e r i n g  
Power  Bus  Removal  & U m b i l i c a l  C o n n e c t  
Sub T o t a l  
A s t r o n a u t  R e s t  P e r i o d  
Mech .  F r e e d o m  & Damage E v a l u a t i o n  & 
Read M a g n e t o m e t e r  
Add  S t a b i l i z a t i o n  M a g n e t s  
A s t r o n a u t  R e s t  P e r i o d  
S t o w  E q u i p . - R e t u r n  t o  C M  
111 A s t r o n a u t  8 H r .  R e s t  P e r i o d  
I V  
V 
V I  
Work S e s s i o n  No. 2 
S t a r t  EVA-Egress  Fwd H a t c h  
P r e p a r e  E q u i p .  R e p o s i t i o n  P 
A s t r o n a u t  R e s t  P e r i o d  
Add  T a p e  R e c o r d e r s  & P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
C o r r e c t  N u t a t i o n  Damoe'r L O C  
a t f o r m  
P h o t o s  
Sub T o t a l  
A s t r o n a u t  R e s t  P e r i o i -  
Add  S o l a r  A r r a y  P a n e l  & P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
S t o w  E q u i p . - R e t u r n  t o  CM 
Sub T o t a l  
A s t r o n a u t  8 H r .  R e s t  P e r i o d  
Work  S e s s i o n  No. 3 
S t a r t  EVA-Eqress  Fwd H a t c h  
P r e p a r e  E q u i p .  R e p o s i t o n  P l a t f o r m  
C o r r e c t  A r m  L o c k i n g  S y s t e m  a n d  P h o t o s *  
A s t r o n a u t  R e s t  P e r i o d  
Add B a t t e r i e s  & P h o t o s *  
A s t r o n a u t  R e s t  P e r i o d  
R e p l e n i s h  P i t c h  Gas 
R e p l e n i s h  S p i n  Gas 
A s t r o n a u t  R e s t  P e r i o d  
S t o w  E q u i p . - R e t u r n  t o  C M  
Sub T o t a l  
V I 1  R e l e a s e  O p e r a t i o n s  
M i s s i o n  2 T o t a l s  
NOTES : 
*Wi th A s t r o n a u t  R e s t  P e r i o d s  a s  A p p l i c a b l e  
. x p e r i  men t  
P r i o r i t y  
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M S O  
M S O  
M S O  
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1043  
1 0 9 7  
1 1 0 2  
1 1 9 7  
1 2 0 3  
1 2 4 3  
1 2 4 9  
1 3 0 3  
1 3 0 9  
1 4 0 3  
1 8 8 3  
1 8 9 3  
1 9 4 7  
2067  
2073  
21 6 2  
21 6 8  
2201  
2 2 2 5  
2231  
2 3 2 5  
2361  
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M I S S I O N  3 T I M E  L I N E  SUMMARY 
Opera  t i  o n / E v e n t  
I R e n d e z v o u s  O o e r a t i o n s  
C S M / C W P  D o c k i n g  
C S M  O r b i t  T r a n s f e r  
C l o s e  R e n d e z v o u s  M a n e u v e r s  
N i g h t  T ime S t a t i o n  K e e p i n g  
C i  r c u m n a v i q a t i o n  
P r e - C a p t u r e  I n s p e c t i o n  
N i g h t  T ime S t a t i o n  I K e e p i n g  
OS0 C a p t u r e  M a n e u v e r s  
S u b  T o t a l  
Work S e s s i o n  N O .  1 
S t a r t  E V A - E g r e s s  Fwd H a t c h  
P r e p a r e  E q u i p m e n t  a n d  OS0 I n s p e c t i o n  
A s t r o n a u t  R e s t  P e r i o d  
M o u n t  E V A  Cameras  
E x p r .  P r e p a r a t i o n  a n d  R a d i a t i o n  Meas .  
A s t r o n a u t  R e s t  P e r i o d  
S a t e l l i t e  C e n t e r i n g  
P o w e r  B u s  R e m o v a l  a n d  U m b i l i c a l  C o n n e c t  
A s t r o n a u t  R e s t  P e r i o d  
Mech .  F r e e d o m  a n d  Damage E v a l u a t i o n  a n d  P h o t o s  
R e p l a c e  E x p r .  O p t i c s / S e n s o r s  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
R e p l a c e  C o n t r o l  S e n s o r  A s s e m b l y  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
S t o w  E q u i p . - R e t u r n  t o  C M  
Sub T o t a l  
I l l  A s t r o n a u t  8 H o u r  R e s t  P e r i o d  
Work S e s s i o n  No .  2 
S t a r t  E V A - E g r e s s  Fwd H a t c h  
P r e p a r e  E q u i p .  R e p o s i t i o n  P l a t f o r m  
A s t r o n a u t  R e s t  P e r i o d  
H i g h  R e s o l u t i o n  P h o t o g r a p h y '  
A s t r o n a u t  R e s t  P e r i o d  
S a t e l l i t e  E m i s s i v i t y  Meas . '  
A s t r o n a u t  R e s t  P e r i o d  
C o r r e c t  N u t a t i o n  Damper  L o c k  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
Add  S o l a r  P a n e l  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
S t o w  E q u i p . - R e t u r n  t o  C M  
S u b  T o t a l  
A s t r o n a u t  8 H o u r  R e s t  P e r i o d  
Work S e s s i o n  No .  3 
S t a r t  E V A - E g r e s s  Fwd H a t c h  
P r e p a r e  E q u i p .  R e p d s i t i o n  P l a t f o r m  
Read  M a g n e t o m e t e r  
Add  S t a b i l i z a t i o n  E l e c / M a g .  C o i l s  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
C o r r e c t  Arm L o c k i n r i  S v s t r i i i  a n d  P l r o t o s *  
A s t r o n a u t  R e s t  P e r i o d  
A d d  B a t t e r i e s  a n d  P h o t o s *  
S t o w  E q u i p . - R e t u r n  t o  C M  
Sub T o t a l  
V I 1  A s t r o n a u t  8 H o u r  R e s t  P e r i o d  
V I 1 1  Work  S e s s i o n  No.  4 
S t a r t  E V A - E g r e s s  Fwd H a t c h  
P r e p a r e  E q u i p .  R e p o s i t i o n  P l a t f o r m  
Add  T a p e  R e c o r d e r s  a n d  P h o t o s *  
A s t r o n a u t  R e s t  P e r i o d  
R e p l a c e  P o i n t i n g  C o n t r o l  E l e c .  a n d  P h o t o s  
A s t r o n a u t  R e s t  P e r i o d  
R e p l e n i s h  P i t c h  G a s  S u p p l y  
R e p l e n i s h  S p i n  Gas S u p p l y  
A s t r o n a u t  R e s t  P e r i o d  
S t o w  E q u i p . - R e t u r n  t o  C M  
Sub T o t a l  
I X  R e l e a s e  O p e r a t i o n s  
M i s s i o n  3 T o t a l s  
NOTES: 
' W i t h  A s t r o n a u t  R e s t  P e r i o d s  a s  A p p l i c a b l e  
E x p e r i m e n t  
P r i o r i  t v  
M S O  
M S O  
M S O  
M S O  
MSO 
M S O  
M S O  
M S O  
M S O  
MSO 
P 
M S O  
M S O  




M S O  
M S O  





M S O  
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M S O  
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Relatively long work sessions can be accommodated by: (1) utilizing two EVA astronauts 
working in series; ( 2 )  supplementing work sessions, if more than three Command Module pres- 
surization cycles can be scheduled; ( 3 )  incorporating an air lock into the AAP Command 
Nodule configuration; and/or ( 4 )  reducing the number of experiment tasks to the primary 
selection plus the mission support tasks. Each work session includes periodic rest periods 
and should he followed by at least eight hours off duty for the EVA astronaut. With such a 
work rest cycle, the ESMRO portion of the mission could be completed in approximately two 
and one-half calendar days for Missions 1 and 2 ,  and three and one-half calendar days for 
Mission 3 .  
2 . 3 . 7  T r a i  n i ng 
The training aspects o f  the ESMRO missions have been examined for the rendezvous operation, 
CIiP docking and O S 0  capture, astronaut transfer, and EVA useful work. The following are 
recommended training procedures: 
O S 0  rendezvous training: This training would be performed with a CSM 
flight simulator utilizing a simulated O S 0  satellite. Several rendezvous 
runs with different target OS0 lighting conditions should be practiced 
to cover the various visual sighting possibilities that might be encount- 
ered on an actual mission. 
CWP docking and O S 0  capture training: These operations deal with the in- 
flight attachment of the CWP to the CSM docking collar and the subsequent 
use o f  the CWP to accomplish capture of the O S 0  satellite. The CWP 
docking training should be performed utilizing a six degree freedom flight 
simulator with an Apollo Command Module, a SLA mockup, and a CWP mechanical 
mockup. 
The OS0 capture training should include the final approach of the CSM/CWP 
to the O S 0  and subsequent capture of the satellite with the CWP attachment 
mechanism. The actual capture operation should be performed many times s o  
that the various target O S 0  dynamic parameters that could be encountered 
can be practiced by the flight crew. The capture phase training should be 
performed on a simulator which maneuvers the CSM/CWP into contact with a 
spinning OSO. The capture training simulation established should be 
capable of  simulating ten degrees of freedom, six for the CSM/CWP and four 
f o r  the OSO. 
Astronaut transfer training: This operation deals with transfer of the 
astronaut from the CSM to the CWP work platform and then back to the CSM. 
Included in this portion are egress from the CSM via the spacecraft fore- 
ward hatch, erection of the work platform of the CWP, movement of the 
astronaut to the useful work position on the CWP, preparation of the experi- 
ments, and return of the astronaut t o  the CSM. After familiarization 
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trliining \bith a system mockup, the actual transfer practice would be 
performed in  a neutral buoyancy environment utilizing a CSM mockup, a 
cli l’  mcchanical mockup, and an O S 0  mockup. 
(4) t Y A  useful work training: Each useful work experiment, as described in 
detail in Volume I 1  of the ESMRO final report, must be practiced in both 
a normal environment - for gaining familiarity with equipment and hardware, 
and in a neutral buoyancy environment - for gaining familiarity with equip- 
ment and hardware; time line evaluation must also be made. This training 
is to be performed with the CWP and a detailed OS0 model. It is anti- 
cipated that this training activity will encompass the major effort as- 
sociated with the ESMRO training requirements. 
2 . 4  ESMRO PROGRAM PLANS 
Three ESMRO missions have been defined, and detail program plans have been developed for 
each mission which are presented in Volume 11. The object of the mission planning has been 
to evolutionize these three missions with respect to material retrieval, satellite refur- 
bishment, and useful EVA performance. 
2 . 4 . 1  M i s s i o n  1 Summary  P r o g r a m  P l a n  
Objective. The primary objective of Mission 1 is to rendezvous, capture, perform useful 
work on, and release the OS0 11. The useful work to be performed consists primarily of 
material retrieval from O S 0  I 1  for analysis upon return to the earth’s surface. Mission 
accomplishment will provide evaluation of capture techniques and development of EVA technology. 
Constraints. The mission constraints are as follows: 
Mission 1 is to be performed in the 1969 time frame 
The target OS0 for Mission 1 is to be the O S 0  I 1  launched on 3 Feb 1965. 
The mission is to be initiated with the CSM in a 370 kilometer (200 
nautical miles) altitude parking orbit at an inclination angle of 32.85  
degrees. The CSM is to be launched from the surface in such a way that 
the longitude of its ascending node is within 2 degrees of that of O S 0  I1 
at the time of orbit transfer initiation. 
OS0 I 1  is to be in an orbit that has not significantly changed from: 
a. Apogee: 626 km ( 3 4 0  nm) 
b. Perigee: 5 4 9  km ( 2 9 7  nm) 
c. Inclination: 32.85 deg  
d .  Period: Y6.5 min 
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I.xperimcnt T a s k s .  'Ihc experiment tashs consist of those required for mission support oper- 
ations, inspectioil and the following major retrieval tasks, as follows: 
a NRL coronagraph occulting disk 
a Pointing control sun sensor assembly 
a Right hand solar array panel 
a l l C 0  ul t rav i ol et spectrometer 
a Ames emissivity sensor plate 
a University of Minnesota zodiacal light telescopes 
GSFC ultraviolet spectrophotometer azimuth indexer 
a University of New Mexico gamma ray telescope foil cover 
Expected Results. The major expected significant results for Mission 1 are the following: 
a Evaluation of orbit transfer and techniques for rendezvous with a non- 
cooperative satellite 
a Evaluation o f  noncooperative satellite capture and release techniques 
an d h a rdw are 
Evaluation of EVA technology 
Determination of the effects of the space environment on: 
a. Transmission optical elements 
b. Reflection optical elements 
c. Solar cells 
d. Polymeric materials 
e. Electro-mechanical devices 
f. Electronic components 
Evaluation of unexplained failures in scientific instrumentation 
Evaluation of micrometeorite impact data unobtainable by other means 
Evaluation of additional EVA experience 
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2 . 4 . 2  Mission 2 Summary Program Plan 
Objective. lhe primary objectives of Mission 2 are to rendezvous, capture, refurbish, and 
return the target O S 0  to extended orbital operation. Mission accomplishment is to provide 
continued evaluation of capture techniques and development of EVA technology. The useful 
\borh is to consist primarily of  refurbishment of the O S 0  selected and to improve or extend 
its operation in orbit. 
Constraints. The mission constraints are as follows: 
Mission 2 is to be performed in the 1969 to 1970 period. 
The target O S 0  for Mission 2 is to be partially or fully operational or 
have a high probability of being reactivated. Selection is to be based 
on the probability that extended operation yields significant new scien- 
tific or technological data from the OSO. The candidate OSO's that prob- 
ably qualify for this status in this period are O S 0  F and O S 0  G. The 
objectives of this mission do not require that significant modifications 
be made to the target O S 0  prior to its launch; therefore, any of the above 
candidates or later OSOs are eligible. 
The mission is to be initiated with the CSM in a 3 7 0  kilometer (200 nauti- 
cal mile) altitude parking orbit, at an inclination angle equal to that 
of the target OSO. The CSM is to be launched in such a way that the longi- 
tude of its ascending node is within 2 degrees of that of the target O S 0  
at the initiation of the orbit transfer. 
The target O S 0  is to be in an orbit that has the following nominal 
parameters: 
a. Circular orbit altitude: 555 * 92 km (300 * 50 nm) 
b .  Inclination angle: 3 3  * 3 deg 
c .  Period: 96 min 
Experiment Tasks. The experiment tasks consist of those required for mission support oper- 
ations, inspection, and major refurbishment tasks. The refurbishment tasks cited are typical 
operations that could be accomplished if a failure or degradation in the O S 0  systems occur- 
red. They are as follows: 
8 Replenish pitch gas supply 
a Replenish spin gas supply 









Addition of new solar array panel 
Addition of  new tape recorders 
Maintenance of  nutation damper locking system 
Naintenance of arm locking system 
Addition of stabilization magnets 
Calibration of magnetometer 
The major expected significant results for Mission 2 are: 
Additional evaluation of orbit transfer and techniques for rendezvous 
with a noncooperative satellite 
Additional evaluation of noncooperative satellite capture and release 
techniques and hardware 
Additional evaluation of EVA technology 






Replenishment o f  the pitch and spin gas supplies 
Correction for degraded power supply performance by addition of new 
batteries and solar array 
Correction for degraded performance by addition of new tape recorders 
Maintenance of possible malfunction of nutation damper and arm 
locking systems 
Improved stabilization characteristics by the addition of permanent 
magnets 
In-orbit calibration of magnetometer 
In-orbit checkout of all refurbished functions 
2 . 4 . 3  Miss ion  3 Summary Program P lan  
Objective. The primary objectives of Mission 3 are to rendezvous, capture, refurbish and 
return the target O S 0  to orbital operation. 
evaluation of capture techniques and continued development of EVA technology. 
Mission accomplishment should provide continued 
The useful 
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riorh is to consist primarily of advanced refurbishment of the OS0 selected to improve or 
extend its opcration in orbit. 
Constraints. l h c  mission constraints are as follows: 
Mission 3 is to be performed in the 1970 to 1971 period 
The target OS0 for Mission 3 is to be partially or fully operational or 
have a high probability of being reactivated. The selection i s  based on 
the probability that extended operation yields significant new scientific 
or technological data. The target OS0 is to be specially modified to 
permit and facilitate the advanced refurbishment activities. The candidate 
OSOs that can be modified for this mission are OS0 H, O S 0  I, and O S 0  J. 
The mission is to be initiated with the CSM i n  a 370 kilometer ( 2 0 0  nauti- 
cal mile) altitude parking orbit, at an inclination angle equal to that 
of OSO. The CSM is to be launched such that the longitude of its ascending 
node is within 2 degrees of that of the target O S 0  at the initiation of 
the orbit transfer. 
The target OS0 is to be i n  an orbit that has the following nominal param- 
eters : 
a. Circular orbit altitude: 5 5 5  f 9 2  km (300 f 50 nm) 
b. Inclination angle: 33 f 3 deg 
c. Period: 96 min 
Experiment Tasks. The experiment tasks consist of those required for mission support 
operations, inspection, and major refurbishment tasks. The refurbishment tasks cited are 
typical operations that could be accomplished if a failure or degradation in the OS0 systems 
occurred. They are as follows: 
a Replenish pitch gas supply 
a Replenish spin gas supply 
a Addition of new battery power supply 
a Addition of new solar array panel 
a Addition of new tape recorders 
a Maintenance of nutation damper locking system 
a Maintenance of arm locking system 
B B R C  
Addition of stabilization torquing coils 
Calibration of magnetometer 
Replacement of pointing control electronics 
Replacement of pointing control sensor assembly 
Replacement of experiment optics or sensors 
Expected Results. The major expected significant results for Mission 3 are: 
Additional evaluation of orbit transfer and techniques for rendezvous 
with a noncooperative satellite 
Additional extensive evaluation of noncooperative satellite capture and 
release techniques and hardware 
Additional evaluation of EVA technology 
Refurbishment of the selected O S 0  in the following areas 
a. Replenishment of the pitch and spin gas systems 
b. Correction for degraded power supply performance by addition of new 
batteries and solar array 
c .  Correction for degraded performance by addition of new tape recorders 
d .  Correction of malfunction or improved reliability or performance by 
addition of new pointing control electronics 
e. Correction of malfunction or improved reliability or performance by 
replacement of control sensor assembly 
f. Improved performance by replacement of experiment optics or sensors 
g.  Maintenance of possible malfunction of nutation damper and arm locking 
systems 
h. Improved stabilization characteristics by addition of torquing coils 
i. In-orbit calibration of magnetometer 
j. In-orbit checkout of all refurbished functions 
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Miss ion  
Sec t ion  3 
DEVELOPMENT SCHEDULE A N D  COST 
I'hrcc ESMRO m i s s i o n s  have  been  conce ived  and  a r e  d e s c r i b e d  on NASA form 1 1 3 8 ' s  i n  
Volume I 1 1  o f  t h i s  r e p o r t .  These m i s s i o n s  r e q u i r e  t h e  development  o f  t h e  Cap tu re  Work 
P l a t f o r m  t 3  pe r fo rm t h e  m i s s i o n  o b j e c t i v e s .  The CWP c o n s i s t s  o f  ma jo r  subsys tems 
and s u p p o r t  hardware  items t h a t  a r e  w i t h i n  t h e  development  s t a t e  o f  t h e  a r t ,  b u t  t h e y  
must be  d e s i g n e d ,  f a b r i c a t e d  and  t e s t e d  i n  this c o n f i g u r a t i o n .  
The ESMRO development  s c h e d u l e  i s  shown i n  F ig .  3 - 1  f o r  t h e  t h r e e  m i s s i o n  program. 
The f i r s t  m i s s i o n  can  be  per formed i n  1969 wi th  d e l i v e r y  o f  f l i g h t  hardware  f o r  i n -  
t e g r a t i o n  w i t h i n  2 2  months a f t e r  a mid 1967 s t a r t  d a t e .  A l s o ,  shown i n  F i g .  3 - 1  a r e  
t h e  p l anned  o r  p r e d i c t e d  d e s i g n  f r e e z e  d a t e s  f o r  t h e  c a n d i d a t e  OSO's f o r  M i s s i o n s  2 
and 3. 
Budgetary  c o s t  es t imates  are  p r e s e n t e d  i n  Table  3 - 1  f o r  t h e  program phases  of  each  
m i s s i o n .  A l s o ,  i n c l u d e d  i n  Tab le  3 - 1  a r e  t h e  b u d g e t a r y  e s t i m a t e s  f o r  t h e  O S 0  m o d i f i -  
c a t i o n s  and  mockups r e q u i r e d  f o r  t h e  t h r e e  mis s ions .  
T a b l e  3-1 
E S M R O  BUDGETARY C O S T  ESTIMATES 
Program Phase  
Phase  B ( p r e l i m i n a r y  d e s i g n )  
Phase  C ( d e t a i l e d  d e s i g n  e n g i -  
n e e r i n g  model and p r o t o t y p e  
f a b r i c a t i o n s  and t e s t )  
Phase  D ( f l i g h t  model f a b r i c a -  
t i o n  and  t e s t .  F l i g h t  s p a r e  
model i n c l u d e d  i n  m i s s i o n  1 
OS0 m o d i f i c a t i o n s  and  mockups 
o n l y )  
1 
$ 380,000 









1 ,800 ,000  
500,000 
3 - 1  
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The c o n c l u s i o n s  o f  t h i s  
A mis 
S e c t i o n  4 
C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S  
s t u d y  program a r e :  
i o n  s h o u l d  b e  conducted t o  rendezvous w i t h  and c a p t u r e  O S 0  I . ,  
and r e t r i e v e  m a t e r i a l s  from i t  f o r  a n a l y s i s  upon r e t u r n  t o  t h e  s i i r -  
f a c e .  
Two m i s s i o n s  s h o u l d  be  conducted t o  rendezvous w i t l i ,  c a p t u r e ,  r e f u r -  
b i s h ,  and r e t u r n  an O S 0  t o  e x t e n d e d  o r b i t a l  o p e r a t i o n .  
S i g n i f i c a n t  s c i e n t i f i c  and t e c h n o l o g i c a l  d a t a  c a n  be o b t a i n e d  from 
t h e  m a t e r i a l  r e t r i e v a l  mi s s ion .  
S i g n i f i c a n t  t e c h n o l o g i c a l  development  of  rendezvous and c a p t u r e  
t e c h n i q u e s  w i t h  a n o n c o o p e r a t i v e  s a t e l l i t e  i s  t o  be accompl i shed  
by e a c h  o f  t h e  t h r e e  m i s s i o n s .  
S i g n i f i c a n t  t e c h n o l o g i c a l  development o f  EVA t e c h n i q u e s  i s  t o  be  
accompl i shed  by each  o f  t h e  t h r e e  m i s s i o n s .  
The u s e f u l  o r  p r o d u c t i v e  l i f e t ime  o f  OSO’s  can  b e  s i g n i f i c a n t l y  
e x t e n d e d  by t h e i r  i n - o r b i t  r e f u r b i s h m e n t ,  w i t h  o n l y  minor  m o d i f i -  
c a t i o n  t o  t h e  OSO. 
The C a p t u r e  Work P l a t f o r m  concep t  i s  r e a d i l y  a d a p t a b l e  f o r  u s e  
w i t h  a v a r i e t y  o f  c o o p e r a t i v e  and n o n c o o p e r a t i v e  s a t e l l i t e s .  
The t h r e e  m i s s i o n s  c a n  be pe r fo rmed  w i t h  no d e s i g n  m o d i f i c a t i o n  
t o  t h e  CSM. 
The ESMRO m i s s i o n  hardware can  b e  d e s i g n e d  u s i n g  p r e s e n t  s t a t e - o f -  
t h e -  a r t  e n g i n e e r i n g .  
A d d i t i o n a l  e f f o r t  recommended as a r e s u l t  o f  t h i s  s t u d y  i n c l u d e s :  
e P r e l i m i n a r y  d e s i g n  o f  t h e  C a p t u r e  Work P l a t f o r m  and a s s o c i a t e d  
s u p p o r t  hardware f o r  an  i n i t i a l  m i s s i o n  i n  1 9 6 9  
e 
Design and f a b r i c a t i o n  of  m o d i f i c a t i o n s  and a d d i t i o n s  t o  t h e  
c a n d i d a t e  OSO’s c o n s i s t e n t  w i t h  t h e  development s c h e d u l e s  f o r  
e a c h  O S 0  
A n a l y s i s  i n t o  t h e  e f f e c t  o f  l a u n c h i n g  f u t u r e  O S O ’ s  i n t o  t h e  AAP 
o r b i t  i n c l i n a t i o n  o f  2 8 . 5  d e g r e e s  
4-  1 








A n a l y s i s  o f  t h e  dynamics o f  t h e  combined CSM/CWP/OSO c o n f i g u r a t i o n  
and t h e  e f f e c t  on t h e  CSM a t t i t u d e  c o n t r o l  sys t em.  
F u t u r e  development o f  a d h e s i v e  a p p l i c a t i o n s  t o  t h e  c a p t u r e  o p e r a t i o n  
F u r t h e r  a n a l y s i s  and s i m u l a t i o n  o f  t h e  c a p t i v e  c o n c e p t s  t o  d e t e r m i n e  
t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  and crew l i m i t a t i o n s  
A n a l y s i s  o f  t h e  l o c a t i o n  o f  l i g h t i n g  a i d s  d u r i n g  t h e  EVA o p e r a t i o n s  
A n a l y s i s  o f  t h e  t h e r m a l  e f f e c t s  on t h e  O S 0  and t h e  CSM f o r  v a r i o u s  
f i x e d  a t t i t u d e s  w i t h  r e s p e c t  t o  t h e  Sun 
Development o f  s p e c i f i c  m a t e r i a l  r e t r i e v a l  e x p e r i m e n t s  t o  b e  i n -  
c l u d e d  i n  f u t u r e  OSO's 
O b t a i n i n g  h i g h  m a g n i f i c a t i o n  p h o t o g r a p h s  and en imis s iv i ty  measurements 
on OS0 s u r f a c e s  p r i o r  t o  t h e i r  l aunch  f o r  l a t e r  comparison w i t h  
r e t r i e v e d  d a t a  
A n a l y s i s  o f  c o n t a m i n a t i o n  c o n t r o l  r e q u i r e m e n t s  f o r  m a t e r i a l s  r e t r i e v e d  
from O S 0  
A n a l y s i s  o f  advanced m o d i f i c a t i o n s  t o  OS0 f o r  EVA a c c e s s  t o  t h e  wheel  
equipment  and s c i e n t i f i c  e x p e r i m e n t s  
A n a l y s i s  l e a d i n g  t o  d e s i g n  o f  f u t u r e  OS0 s c i e n t i f i c  e x p e r i m e n t s  
and EVA s e r v i c i n g  c a p a b i l i t y  
S i m u l a t i o n  o f  u s e f u l  work t a s k s  i n  n e u t r a l  buoyancy f a c i l i t i e s  t o  
o p t i m i z e  t h e  EVA t i m e l i n e s  
Development o f  l o n g e r  d i s t a n c e  ( 1 0  t o  2 5  f e e t )  l i f e  s u p p o r t  u m b i l i c a l  
l i n e s ,  t o  s u p p o r t  t h e  ESMRO m i s s i o n s  
A n a l y s i s  o f  c o u p l i n g  an  a i r l o c k  between t h e  CSM and CWP t o  r educe  t h e  
consumption o f  expendab les  d u r i n g  e a c h  p r e s s u r i z a t i o n  c y c l e  
4 - 2  
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S e c t i o n  5 
L O N G  RANGE P L A N N I N G  
The t h r e e  m i s s i o n s  t h a t  have been  developed  as  a r e s u l t  o f  t h i s  s t u d y  a r e  t h e  f i r s t  
s t e p s  i n  an emerging e r a  of  s p a c e  technology.  These  m i s s i o n s  a r e  p a r t  o f  t h e  NASA 
long  range p l a n s  f o r  p o s t  Apol lo  a p p l i c a t i o n s ,  i n c l u d i n g  development  and use  o f  s p e n t  
s t a g e s  and long  d u r a t i o n  s p a c e  s t a t i o n s .  These s t a t i o n s  w i l l  become major  o r b i t a l  
f a c i l i t i e s  from which s a t e l l i t e  c a p t u r e  o p e r a t i o n s  and s e r v i c i n g  w i l l  be  per formed.  
The r e s u l t s  o f  t h i s  s t u d y  can b e  i n c o r p o r a t e d  i n t o  more d e t a i l e d  l o n g  range p l a n n i n g  
i n  s e v e r a l  a r e a s .  
The development  and per formance  o f  t h e  ESMRO m i s s i o n s  w i l l  l e a d  t o  s i g n i f i c a n t  l o n g  
range  advancement i n  s e v e r a l  a r e a s  o f  t h e  space  program, a s  i n d i c a t e d  i n  F i g .  5 - 1 .  
Each o f  t h e s e  a r e a s  i s  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s ,  
5.1 S P A C E  S T A T I O N  S U P P O R T  
The s p e n t  s t a g e  and l o n g  d u r a t i o n  s p a c e  s t a t i o n s  w i l l  r e q u i r e  a c e r t a i n  amount of  
EVA s u p p o r t  s e r v i c i n g .  T h i s  e f f o r t  w i l l  i n c l u d e  e x t e r n a l  main tenance  and i n  some 
c a s e s  r e s u p p l y  c a r g o  t r a n s f e r  and a t tachment  t o  t h e  s p a c e  s t a t i o n s .  Such d e s i g n s  
w i l l  r e l y  on t h e  r e s u l t s  o f  t h e  ESMRO m i s s i o n s .  
O t h e r  s p a c e  s t a t i o n  r e q u i r e m e n t s  i n c l u d e  t h e  o p e r a t i o n ,  main tenance  and d a t a  r e t r i e v a l  
from s c i e n t i f i c  e x p e r i m e n t s  t h a t  a r e  i n t e g r a l  w i t h  t h e  s t a t i o n ,  s u c h  as t h e  ATM. 
F i l m  r e t r i e v a l  c u r r e n t l y  p l a n n e d  f o r  t h e  ATM i s  t o  be accompl ished  by means o f  EVA. 
F u t u r e  ATM c o n f i g u r a t i o n s  s h o u l d  b e  des igned  f o r  r e f u r b i s h m e n t  by EVA as  w e l l  a s  o t h e r  
major  e x p e r i m e n t  sys tems t h a t  a r e  e x t e r n a l  t o  t h e  s p a c e  s t a t i o n .  
5.2 U N M A N N E D  S A T E L L I T E  S E R V I C I N G  
The l o n g  range  p l a n  f o r  u t i l i z i n g  t h e  c a p t u r e  and EVA t e c h n o l o g y  developed  d u r i n g  
t h i s  s t u d y ,  s h o u l d  b e  b a s e d  on t h e  expec ted  c o n t i n u a t i o n  of t h e  unmanned s p a c e  r e s e a r c h  
program. A l a r g e  number o f  o b s e r v a t o r y  c l a s s  s a t e l l i t e s  w i l l  be i n  o p e r a t i o n  d u r i n g  
t h e  nex t  d e c a d e ,  as w e l l  a s  l o n g  d u r a t i o n  w e a t h e r ,  communications and e a r t h  r e s o u r c e s  
s a t e l l i t e s .  I n  o r d e r  t o  improve t h e  p r o b a b i l i t y  o f  l o n g  d u r a t i o n  per formance  from 
t h e s e  s a t e l l i t e s ,  it i s  recommended t h a t  they  be d e s i g n e d  f o r  EVA s e r v i c i n g .  I n  
a d d i t i o n ,  t h e  f u t u r e  s p a c e  s t a t i o n s  s h o u l d  be  d e v e l o p e d  t o  accommodate s a t e l l i t e  s e r -  
v i c i n g ,  and maneuvering u n i t s  deve loped  f o r  c a p t u r i n g  t h e  s a t e l l i t e s .  These a r e a s  
a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  
5.2.1 Satellite Maintenance 
F u t u r e  m i s s i o n s  t o  m a i n t a i n  o r  r e p a i r  a s a t e l l i t e  s h o u l d  expand t h e  e f f o r t  i n i t i a t e d  
by t h e  t h r e e  ESMRO m i s s i o n s .  T h i s  i n i t i a l  e f f o r t  i n v o l v e s  o n l y  s i m p l e  r e p a i r  o f  
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subsys tems w i t h  e a s y  EVA a c c e s s .  
p l a n n e d  o n - s i t e  d i a g n o s i s  and r e p a i r .  
F u t u r e  miss ions  s h o u l d  i n c l u d e  more e x t e n s i v e  p r e -  
E r e c t a b l e  o r  i n f l a t a b l e  s t r u c t u r e s  a t t a c h e d  t o  a s p a c e  s t a t i o n  w i t h  comple te  checkout  
and r e p a i r  c a p a b i l i t y  s h o u l d  be  used .  Unmanned s a t e l l i t e s  might  be launched  i n t o  
p a r k i n g  o r b i t s  n e a r  t h e  s p a c e  s t a t i o n  t o  be c a p t u r e d  and t h e n  a t t a c h e d  t o  i t  f o r  
an i n - o r b i t  checkout .  T h i s  checkout  would p e r m i t  t h e  a c t i v a t i o n  o f  t h e  s a t e l l i t e  
under  p s u e d o - l a b o r a t o r y  c o n d i t i o n s .  This  would p e r m i t  d i r e c t  o b s e r v a t i o n  f o r  
d i a g n o s i s  o f  any problem a r e a s  b e f o r e  t h e y  become c a t a s t r o p h i c .  Once t h e  s a t e l l i t e  
i s  f u n c t i o n i n g  p r o p e r l y ,  i t  c o u l d  be  moved t o  i t s  o p e r a t i o n a l  o r b i t  by means o f  an 
a u x i l i a r y  p r o p u l s i o n  s y s t e m ,  s u c h  a s  a s p a c e  t a x i .  
F u t u r e  s t u d i e s  s h o u l d  be  conducted  t o  de te rmine  t h e  o p e r a t i o n a l  and c o s t  e f f e c t i v e n e s s  
o f  c l u s t e r i n g  t h e  major  o b s e r v a t o r i e s  i n  t h e  v i c i n i t y  o f  a manned s p a c e  s t a t i o n .  
T h i s  t e c h n i q u e  may be  q u i t e  e f f e c t i v e  s i n c e  t h e  d e l t a  v e l o c i t y  r e q u i r e m e n t s  t o  d r a s t i -  
c a l l y  change o r b i t s  f o r  rendezvous a t  t h e  v a r i e t y  o f  o r b i t s  p r e s e n t l y  used i s  q u i t e  
p r o h i b i t i v e .  However, f u t u r e  p l a n n i n g  s h o u l d  emphasize t h e  development  of  more 
e f f i c i e n t  p r o p u l s i o n  s y s t e m s  which would p e r m i t  e x t e n s i v e  o r b i t  maneuvering t o  
c a p t u r e  s a t e l l i t e s  and b r i n g  them t o  t h e  space  s t a t i o n .  
5 . 2 . 2  Sate1 1 i te Modification 
R e l a t i v e l y  s i m p l e  m o d i f i c a t i o n s  t o  t h e  OSO’s have been  p r o p o s e d  f o r  t h e  t h r e e  ESMRO 
m i s s i o n s .  F u t u r e  m i s s i o n s  can be p l a n n e d  t o  make more e x t e n s i v e  m o d i f i c a t i o n  t o  
e i t h e r  t h e  s p a c e c r a f t  s y s t e m s  o r  t h e  s c i e n t i f i c  p a y l o a d  i n - o r b i t .  E n t i r e  subsys tems 
o r  i n s t r u m e n t s  might  be  m o d i f i e d  t o  c o r r e c t  m a l f u n c t i o n s  o r  t o  improve t h e i r  p e r f o r -  
mance. M o d i f i c a t i o n s  c o u l d  a l s o  become more e x t e n s i v e  by p l a c i n g  t h e  t a r g e t  s a t e l l i t e  
i n  t h e  s p a c e  s t a t i o n  s e r v i c e  f a c i l i t y .  
The o r b i t  p a r a m e t e r s  o f  a t a r g e t  s a t e l l i t e  c o u l d  be  a l t e r e d  t o  a d j u s t  an i m p e r f e c t  
o r b i t .  Minor o r b i t  changes can  be  performed by l i n k i n g  t h e  t a r g e t  s a t e l l i t e  w i t h  
t h e  CSM o r  a s p a c e  t a x i .  More e x t e n s i v e  changes c o u l d  b e  accompl ished  by a t t a c h i n g  
a p r o p u l s i o n  s y s t e m  t o  t h e  t a r g e t  s a t e l l i t e .  These changes c o u l d  a l s o  f a c i l i t a t e  
d e - o r b i t i n g  a d e f u n c t  s a t e l l i t e  t o  reduce  t h e  chances  o f  c l o g g i n g  t h e  o r b i t w a y s .  
F o r  example ,  d e - o r b i t i n g  n u c l e a r  power sys tems would i n s u r e  b u r n - u p  o r  d e e p - w a t e r  
d i s p o s a l .  
5.2.3 Satellite Design Development 
The f i r s t  t h r e e  m i s s i o n s  p r o p o s e d  i n v o l v e  r e l a t i v e l y  minor  d e s i g n  m o d i f i c a t i o n s  t o  
t h e  t a r g e t  OSO. However, l o n g  range  p l a n n i n g  f o r  e f f e c t i v e l y  d e v e l o p i n g  and u t i l i z i n g  
i n - o r b i t  r e f u r b i s h m e n t  t e c h n i q u e s  r e q u i r e s  t h a t  t h e  d e s i g n  of  f u t u r e  t a r g e t  s a t e l l i t e s  
be  changed t o  f a c i l i t a t e  t h e  EVA o p e r a t i o n s .  I n  e f f e c t ,  p r o b a b l e  t a r g e t  s a t e l l i t e s  
s h o u l d  b e  d e s i g n e d  t o  p e r m i t  a c c e s s ,  wherever  p o s s i b l e ,  t o  each  o f  t h e  major  subsys tems 
o r  s c i e n t i f i c  e x p e r i m e n t s .  
p l a n  on  i n - o r b i t  m a i n t e n a n c e ,  m o d i f i c a t i o n ,  assembly ,  and checkout  i n  much t h e  same 
manner as t h e y  would develop  l a b o r a t o r y  equipment  o r  p l a n  f o r  f i e l d  main tenance .  
I n  g e n e r a l ,  s p a c e c r a f t  and i n s t r u m e n t  d e s i g n e r s  s h o u l d  
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Although inany o f  t h e  key subsys t ems  of  O S 0  a r e  e x t e r n a l l y  a c c e s s i b l e ,  o t h e r s  a r e  con- 
t a i n e d  w i t h i n  t h e  wheel s e c t i o n .  Each wheel compartment i s  c o m p l e t e l y  e n c l o s e d  w i t h  
c o v e r s  t h a t  w o u l d  be  d i f f i c u l t  t o  remove unde r  EVA c o n d i t i o n s .  The O S 0  d e s i g n  c o u l d  
b e  m o d i f i e d  t o  f a c i l i t a t e  e a s y  removal o f  t h e  compartment c o v e r s  t o  g a i n  a c c e s s  t o  t h e  
i n t e r n a l  subsys t ems .  
'The l o c a t i o n  and packag ing  d e s i g n  o f  t h e s e  subsys t ems  c o u l d  be  changed t o  p e r m i t  a c c e s s  
f o r  r e p a i r  o r  r ep lacemen t .  The s c i e n t i f i c  i n s t r u m e n t s  l o c a t e d  i n  t h e  wheel  c o u l d  
be d e s i g n e d  w i t h  a c c e s s  p o r t s  t o  p e r m i t  s i m i l a r  o p e r a t i o n s .  
F u r t h e r  d e s i g n  development o f  t h e  OS0 f o r  EVA improvement c o u l d  i n v o l v e  c o n s i d e r a b l y  
l a r g e r  p o i n t e d  t e l e s c o p e s  t h a t  c o u l d  be  assembled t o  t h e i r  f u l l  s i z e  d u r i n g  EVA o r  
i n  t h e  s p a c e  s t a t i o n  s e r v i c e  f a c i l i t i e s .  N e w  s c i e n t i f i c  i n s t r u m e n t s  c o u l d  b e  e x -  
changed f o r  o b s o l e t e  ones  as t h e  s a t e l l i t e  sys t ems  a re  r e f u r b i s h e d  f o r  e x t e n d e d  l i f e .  
I n  any m i s s i o n  n o t  i n v o l v i n g  a CWP w i t h  i t s  work p l a t f o r m ,  p r o v i s i o n s  s h o u l d  b e  i n -  
c l u d e d  i n  t h e  d e s i g n  of t h e  s a t e l l i t e  o r  s p a c e  s t a t i o n  f o r  a s t r o n a u t  f i x i t y  d u r i n g  
t h e  EVA o p e r a t i o n s .  
5 . 2 . 4  Ma t e r i  a 1 Ret r i  e v a l  
Many expe r imen t s  c o u l d  be p l a n n e d  and d e s i g n e d  i n t o  t h e  s c h e d u l e d  s a t e l l i t e s  t o  t a k e  
advan tage  o f  t h e  r e t r i e v a l  c a p a b i l i t y .  Such e x p e r i m e n t s  would i n c l u d e  v a r i o u s  m a t e r i a l s  
and mechanisms t h a t  would be  e f f e c t e d  by l o n g  e x p o s u r e  t o  t h e  s p a c e  e n v i r o n m e n t ,  and 
t h e  performance o f  which c o u l d  n o t  be  measured e x c e p t  by s u r f a c e  l a b o r a t o r y  t e c h n i q u e s .  
An example o f  s u c h  an expe r imen t  i s  t h e  wear o f  a l u b r i c a t e d  b e a r i n g  i n  t h e  s p a c e  e n -  
v i ronmen t ,  which can  o n l y  b e  d e t e r m i n e d  by l a b o r a t o r y  mic roscope  e x a m i n a t i o n  t e c h n i q u e s .  
T h i s  t y p e  expe r imen t  c o u l d  b e  d e s i g n e d  f o r  e a s y  EVA r e t r i e v a l  and p l a c e d  on one o f  
t h e  f u t u r e  o b s e r v a t o r i e s .  These e x p e r i m e n t s  s h o u l d  be  p l a n n e d  and approved  i n  t h e  n e a r  
f u t u r e  i n  o r d e r  t o  g e t  them i n t o  o r b i t  a s  soon  as p o s s i b l e .  
R e t r i e v a l  o f  s a t e l l i t e  sys t ems  t h a t  f a i l e d  i n  an u n e x p l a i n e d  manner c a n n o t  b e  s c h e d u l e d  
i n  advance o f  t h e  f a i l u r e .  However, i f  ma jo r  s a t e l l i t e  s u b s y s t e m s  o r  s c i e n t i f i c  e x -  
p e r i m e n t s  were des igned  f o r  e a s y  EVA a c c e s s  and r emova l ,  t h e y  c o u l d  b e  f u r t h e r  d i s -  
a s sembled  i n  t h e  s p a c e  s t a t i o n  s e c u r e  f a c i l i t y  and r e t u r n e d  t o  t h e  s u r f a c e  f o r  a n a l y s i s .  
The f i r s t  s t e p  i n  p l a n n i n g  f o r  d i a g n o s t i c  r e t r i e v a l  i s  t o  d e s i g n  f o r  EVA access t o  t h e  
ma jo r  p a r t s  i n  f u t u r e  s a t e l l i t e s  t h a t  have  n o t  p a s s e d  t h e i r  d e s i g n  f r e e z e  s c h e d u l e .  
5 . 2 . 5  Sa te1  1 i t e  Cal bi r a t i o n  and Checkout 
C a l i b r a t i o n  and checkout  o f  s a t e l l i t e  subsys t ems  o r  s c i e n t i f i c  e x p e r i m e n t s  s h o u l d  b e  
e x t e n d e d  from t h e  p r e l i m i n a r y  e f f o r t  o f  t h e  t h r e e  ESMRO m i s s i o n s .  These  a c t i v i t i e s  
w i l l  b e  r e q u i r e d  on t h e  major  o b s e r v a t o r i e s  t o  be d e v e l o p e d  as t h e y  a r e  a s sembled  
and a l i g n e d  i n  o r b i t .  C a l i b r a t i o n  and checkou t  c o u l d  b e  f a c i l i t a t e d  i n  t h e  s p a c e  
s t a t i o n  s e r v i c e  f a c i l i t i e s .  
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5 . 3  S A T E L L I T E  A S S E M B L Y  
F u t u r e  g e n e r a t i o n s  o f  s p a c e  s t a t i o n s  and o b s e r v a t o r i e s  a r e  d e s t i n e d  t o  grow i n  s i z e ;  
t h i s  means t h a t  t h e y  must b e  assembled  from t h e i r  a s c e n t  s towed ar rangement .  
e f f o r t  w i l l  r e q u i r e  e x t e n s i v e  E V A ,  much b r o a d e r  t h a n  t h e  s c o p e  o f  t h e  r e l a t i v e l y  s i m p l e  
assembly t a s k s  of  t h e  t h r e e  ESMRO m i s s i o n s .  
be  per formed i n  fo l lowon m i s s i o n s ,  s u c h  a s  assembl ing  and a t t a c h i n g  l a r g e  t e l e s c o p e s  
t o  t h e  s p a c e  s t a t i o n ,  o r  t o  an unmanned o b s e r v a t o r y .  
Such 
More e x t e n s i v e  assembly o p e r a t i o n s  s h o u l d  
T y p i c a l  c o n f i g u r a t i o n s  t h a t  w i l l  p r o b a b l y  r e q u i r e  EVA t o  assemble  a r e  t h e  l a r g e  d i a n -  
e t e r  r a d i o  and o p t i c a l  t e l e s c o p e s ,  s u c h  a s  t h e  manned o r b i t i n g  t e l e s c o p e  ( s t e l l a r )  
(MOT) o r  t h e  long  s o l a r  t e l e s c o p e s  s u c h  a s  t h e  o r b i t i n g  a s t r o n o m i c a l  s u p p o r t  f a c i l i t y  
(OASF). 
S i n c e  t h e  l a r g e  o r b i t i n g  t e l e s c o p e s  o f  t h e  f u t u r e  w i l l  r e q u i r e  EVA assembly ,  much 
o f  t h e i r  a l i g n m e n t  w i l l  a l s o  b e  per formed by EVA t e c h n i q u e s .  No major  t e l e s c o p e  a l i g n -  
ment i s  proposed  f o r  t h e  t h r e e  ESMRO miss ions  due t o  i t s  r e l a t i v e  c o m p l e x i t y .  How- 
e v e r ,  i n - o r b i t  a l i g n m e n t  s h o u l d  be  performed on f o l l o w - o n  m i s s i o n s  t o  deve lop  t h e  
t e c h n i q u e s  r e q u i r e d ,  p o s s i b l y  u t i l i z i n g  t h e  s p a c e  s t a t i o n  s e r v i c e  f a c i l i t i e s .  
5 .4  S P A C E  RESCUE 
One o b v i o u s  v a l u e  i n  f u r t h e r i n g  t h e  development o f  t h e  t e c h n i q u e s  o f  t h i s  s t u d y  i s  
i n - o r b i t  s p a c e  r e s c u e .  The CWP c o u l d  b e  used f o r  c a p t u r i n g  a n o t h e r  manned s p a c e c r a f t  
t h a t  had become i n o p e r a t i v e .  S p e c i f i c  a t t a c h m e n t  heads  c o u l d  b e  deve loped  f o r  t h e  
c a p t u r e  o f  t h e  v a r i o u s  manned s p a c e c r a f t  c o n f i g u r a t i o n s  o r  f o r  EVA p e r s o n n e l .  F u t u r e  
m i s s i o n s  s h o u l d  i n c l u d e  an e f f o r t  t o  e v a l u a t e  s u c h  a t t a c h m e n t  heads and t o  deve lop  
t h e  c a p a b i l i t y  t o  d i s p a t c h  an emergency maneuvering u n i t  from t h e  s p a c e  s t a t i o n  t o  
c a p t u r e  t h e  s p a c e c r a f t  i n  t r o u b l e  and r e t u r n  i t  t o  t h e  s p a c e  s t a t i o n .  
5 . 5  D E F E N S E  A P P L I C A T I O N S  
The r e s u l t s  o f  t h i s  s t u d y  have  shown t h e  f e a s i b i l i t y  o f  c a p t u r i n g  and i n s p e c t i n g  a 
n o n c o o p e r a t i v e  s a t e l l i t e .  These  t e c h n i q u e s  have obvious  a p p l i c a t i o n  f o r  d e f e n s e  s u r -  
v e i l l a n c e  o f  unknown s a t e l l i t e s ,  and f u t u r e  e f f o r t  s h o u l d  be  p l a n n e d  t o  deve lop  t h e i r  
app 1 i c a t  i o n .  
5 . 6  TECHNOLOGY D E V E L O P M E N T  
T h i s  s t u d y  has  shown t h a t  t h e  t h r e e  ESMRO m i s s i o n s  can be  conducted  w i t h  s t a t e  o f  t h e  
a r t  t e c h n i q u e s  and hardware .  However, i f  t h e  t e c h n o l o g y  i s  t o  s u p p o r t  t h e  c a p t u r e  
and EVA s u p p o r t  r e q u i r e m e n t s  of  t h e  f u t u r e ,  a d d i t i o n a l  development  s h o u l d  be  p l a n n e d .  
Some of  t h e  major  a r e a s  t h a t  s h o u l d  b e  developed a r e  i t e m i z e d  below: 
(1)  T e r m i n a l  gu idance :  S p e c i f i c  t r a c k i n g  a i d s  s h o u l d  b e  deve loped  
t o  a s s i s t  t h e  crew i n  the  t e r m i n a l  gu idance  maneuvers .  
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C a p t u r e  c o n f i g u r a t i o n s :  U t i l i z a t i o n  o f  s p e c i a l  purpose  c a p t u r e  
a t t a c h m e n t  heads  s h o u l d  be p l a n n e d  f o r  a v a r i e t y  o f  c o o p e r a t i v e  and 
n o n c o o p e r a t i v e  s a t e l l i t e s .  
EVA s u i t s :  F u r t h e r  development  of  EVA s u i t s  s h o u l d  b e  p l a n n e d  t o  
f a c i l i t a t e  t h e  work o p e r a t i o n s  remote ly  a t  t h e  s a t e l l i t e  o r  w i t h i n  
t h e  s p a c e  s t a t i o n  s e r v i c e  f a c i l i t y .  
EVA t o o l s :  U t i l i z a t i o n  o f  a v a r i e t y  o f  t o o l s  s h o u l d  be  p l a n n e d  f o r  
work o p e r a t i o n s  i n  t h e  s p a c e  s t a t i o n  s e r v i c e  f a c i l i t y ]  f o r  l a r g e  
t e l e s c o p e  assembly ,  and f o r  c a r g o  h a n d l i n g .  
I n g r e s s / e g r e s s :  F u r t h e r  development  o f  p e r s o n n e l  a i r l o c k s  s h o u l d  
be p l a n n e d  t o  make EVA a f u l l y  o p e r a t i o n a l  p a r t  o f  s p a c e  s t a t i o n  
a c t i v i t i e s ,  and t o  minimize t h e  u s e  o f  e x p e n d a b l e s  d u r i n g  p r e s -  
s u r i z a t i o n  c y c l e s .  
L i f e  s u p p o r t :  F u r t h e r  development  o f  u m b i l i c a l  and p e r s o n n e l  l i f e  
s u p p o r t  s y s t e m s  s h o u l d  b e  p l a n n e d  t o  f a c i l i t a t e  t h e  EVA o p e r a t i o n s .  
5 . 7  LONG R A N G E  S C H E D U L E  
Many of  t h e  long r a n g e  a s p e c t s  o f  c a p t u r e  and EVA d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n s  
a r e  r e l a t e d  t o  t h e  development o f  t h e  s p e n t  s t a g e  and l o n g  d u r a t i o n  s p a c e  s t a t i o n s  
a s  w e l l  a s  t o  t h e  a v a i l a b i l i t y  o f  t h e  s c i e n t i f i c  e x p e r i m e n t s  and unmanned s a t e l l i t e s .  
A g e n e r a l  s c h e d u l e  f o r  t h e  p e r t i n e n t  i t e m s  d i s c u s s e d  i s  shown i n  F i g .  5-2, t o  show 
t h a t  i n  o r d e r  t o  a c h i e v e  t h e  l o n g  r a n g e  o p e r a t i o n a l  o b j e c t i v e s ,  c o n t i n u o u s  e f f o r t  
must be  s u s t a i n e d  s t a r t i n g  w i t h  t h e  t h r e e  ESMRO m i s s i o n .  I t  s h o u l d  a l s o  be  n o t e d  
t h a t  t h e  t h i r d  ESMRO m i s s i o n  c o u l d  b e  per formed i n  c o n j u c t i o n  w i t h  t h e  i n f l a t a b l e /  
e r e c t a b l e  s t r u c t u r e s  o r  t h e  r e p a i r  f a c i l i t y  h a n g a r .  T h i s  would f a c i l i t a t e  more e x t e n -  
s i v e  r e p a i r  and r e f u r b i s h m e n t ,  s u c h  a s  i n t e r c h a n g e  o f  comple te  s c i e n t i f i c  e x p e r i m e n t s .  
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